This investigation was suggested by the accumulating evidence that there may be danger in a restricted dietary even when the latter is entirely satisfactory in total energy value and in the proportion of protein, fat, carbohydrates and essential salts present in it.1 Many of the proprietary infant foods now frankly advertise that they are only partial foods and as such they often prove of value; but not infrequently they form the chief source of nourishment of infants, and medical literature contains numerous records of malnutrition attributed to them. It is of interest to know whether the failure of such a ration to maintain health or to sustain proper growth is due (a) to the character of some of the nutrients, for example, because its proteins can not supply all of the nitrogen requirements of the organism; or (b) to the absence from it of some essential "vitamine" or "growth hormone." If the difficulty is due to the lack of a "vitamine" the addition of a small amount of fresh milk to the ration might correct the defect; if it lies in the character of the nutrients of the food, it might be neces¬ sary to make milk the chief part of the diet and to use the food powder merely as a diluent, as is often advised. In either case the question remains open whether milk alone properly modified would not be quite as satisfactory as well as much more economical. Food powders even when made wholly or partly from milk are not necessarily safe as an exclusive diet, for Hoist and his coworkers1 found that drying (in grains) destroys some substance whose absence causes in guineapigs a condition resembling scurvy.
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PLAN OF INVESTIGATION
The plan of the present investigation was to feed typical proprietary infant foods to white mice, not cooked or mixed with milk, as such foods are commonly given to infants, but as nearly as possible as they come from the manufacturers, with only such modifications as are necessary to adapt the food to the species of experimental animal chosen : in other words, to study the nutritive value of the foods in themselves. With the results of these experiments as a basis, we are hoping to observe the effect of other modifications. The work is only fairly started but some of the facts already apparent seem worth reporting. Four typical foods have been studied; two, Horlick's malted milk and Nestlè's food, made from milk and malted grain; and two, Mellin's food and Eskay's albuminized food, from grains without the addition of milk. As no recent analyses could be discovered, protein (N x 6.25) and ash determinations were made in each of the four, but the values found Chart 1.-Mouse 64 $, showing loss of body weight in an adult mouse dur¬ ing two periods in which unmodified Eskay's Albuminized Food and water was the only nourishment given. The addition of 1 c.c. of fresh milk daily to this ration at one time for two days and at another time for six days arrested the decline. varied so little from the figures previously published2 that we con¬ cluded that the process of manufacture had not been materially altered since the analyses cited were made, and availed ourselves of averages for the percentage of the various nutrients present in the foods. Neces¬ sary modifications were secured by the addition of purified casein, and, where it was necessary, of milk salts in the form of Osborne and Mendel's3 protein-free milk (this involved the addition of large quan¬ tities of lactose as well). The few data available suggested two for¬ mulae* for the composition of food for mice: one containing 18 per cent, protein and 4 per cent, ash on which these animals had maintained constant body weight for six months, and one containing 30 per cent. protein and 6.6 per cent, ash on which young mice had shown normal growth. Accordingly, three series of feeding trials were undertaken, the unmodified foods being fed as well as the two modifications mentioned above. All food mixtures were made into a thick cream with water.
Control animals were given a general mixed diet. As far as the stock on hand permitted, each experimental group consisted of one male and two females in order that the effect of the diets on reproduction as well as on maintenance and on growth might be observed. The composition of the food mixtures used is shown in the accom¬ panying Column 1 under each food = unmodified foods ; Column 2 under each food = "18 per cent, protein" modification; Column 3 under each food = "30 per cent, protein" modification.
EESULTS
Each series of feeding trials is discussed by itself because the modi¬ fication of the foods complicates the problem somewhat by introducing other factors than the intended change in gross composition (if we may use this term to signify percentage of protein, fat, carbohydrate, and inorganic salts, disregarding the presence of traces of other possibly essential substances). Funk5 suggests that Osborne and Mendel's protein-free milk may contain some of the "vitamine" of the milk; and Hopkins6 reports that extraction with alcohol and ether removed some 5. Funk: Biochem, Jour., 1913, vii, 211. 6. Hopkins and Neville: Biochem. Jour., 1913, vii, 97. essential substance (vitamine?) from casein as usually purified. Because of these considerations, the extent to which the results of the first series, in which the unchanged foods were studied, parallels those of the other two series, is of especial importance.
Series I-Unmodified Foods
Both of the foods which contained milk incorporated in them in the process of manufacture proved sufficient during relatively long periods to maintain adult mice in health without significant loss of body weight. (Charts 10, 11, 25 and 26 ). The feeding of Mellin's Food and of Eskay's Albuminized Food containing no milk resulted in a steady loss of weight (Charts 1, 3 18 and 19). These results in themselves do not of course justify the conclusion that milk or some of its constituents is the significant factor, for the foods differ rather widely in composition. A comparison of the results of analyses of Horlick's, Mellin's and Nestlè's Food as shown in the columns marked 1 in the table show, however, that gross composition is not likely to afford the sole explanation, for in every respect except total energy value and fat (which will be considered later) the inadequate Mellin's Food stands between the other two, both of which proved satisfactory. Little inference can be drawn from this series by itself, but Chart 10.-Mouse 54 $, showing maintenance for 100 days and growth to maximum weight in a mature mouse on an exclusive diet of unmodified Horlick's Malted Milk.
Series II and III afford considerable confirmation of the differences in the foods seen here. A more detailed discussion follows the statement of the results of feeding the two modifications (Series II and III) in which it was possible to secure in the four foods more nearly equal gross composition.
Series II-18 Per Cent. Protein Foods
The formulae and the composition of these mixtures are given in the columns marked II in the table. The results of the feeding trials were surprising. As has been said, all we had reason to expect of this modification was main¬ tenance, for on mixtures of purified food substances of similar composition mice had never shown more than minimal growth, seldom even that. ( The former grew normally, the latter even more rapidly. A female in each group of this second generation brought forth young which grew normally during the suckling period, at the end of which the experiment had to be terminated. This third generation (of eight mice) were descended from parents which had had no food during their entire life time, except the 18 per cent, protein modifica¬ tion of Horlick's Malted Milk and from grandparents which had only this food for twenty-eight days before the birth of the young. As far as a four months' experiment can prove it, this food mixture seems to be a perfect food (for mice at least) whether considered from the standpoint of maintenance in adults, of growth in the young, or of reproduction. The radical difference between the results here recorded and those previously obtained with mixtures of purified food substances of closely similar composition suggests the presence in Horlick's Malted Milk of small quantities of some "accessory" substance important in growth and in reproduction, although there is still the possibility that maltose is an important factor. Nestlè's Food; 18 Per Cent. Protein Modification.-We were unfortunate in our choice of animals for the study of this mixture. Both mice seemed entirely normal at the time the experiment was begun. Possibly they were normal at Chart 13.-Mouse 143 $, showing growth more rapid than the "normal" on the 18 per cent, protein modification of Horlick's Malted Milk. that time, but on autopsy two months later, the male proved to have a large parasite encysted in the liver and the female to have diseased lungs. Even with these handicaps the two maintained their weight for more than two months and the female bore a litter of six, four of which lived to the end of the experimental period, gaining weight steadily though at less than the normal rate. (The other two died soon after birth). At the end of the three weeks suckling period, two of the young, all of which were undersized, were given a mixed diet and the other two the 18 per cent, protein modification of Nestlè's Food. Neither group attained the weight proper for their age, but the rate of growth was normal and the experimental mixture quite as efficacious in promoting growth as the general diet. To confirm this conclusion, the young mice on the experimental food were given a mixed diet for one week. No appreciable change in the rate of growth resulted. (See Charts 27 and 28.) More recently three young mice were given this food from the day they were weaned (twenty-first day after birth). Their growth was much more rapid than that of the controls on mixed food and quite as rapid as that of three others of the same litter which were fed the corresponding modification of Horlick especially interesting because it is so closely similar in gross composition to the corre¬ sponding modification of Horlick's food and because, like the latter, it contains a large part of its carbohydrate in the form of maltose. One mouse (No. 27, Chart 21), subsisted on this food exclusively for seventy days, weighing at the end of that time slightly more than at the beginning; but during the period two litters were prematurely born, and of all the young, only one lived long enough to be seen alive by the experimenters. Most of them may have been born dead. That the food was responsible seems probable from the fact that on mixed food, this mouse had borne and successfully suckled a litter of eight during the six weeks immediately preceding the experimental period. This mixture, then, seemed to allow maintenance, but we had no evidence that growth or proper reproduction was possible on it. In the hope of throwing more light on the explanation for this behavior the modification whose compo¬ sition is given in Column IV under (Mellin's) Food C in the table was given to two mice which had lost approximately one-third of their weight on a diet of unmodified Mellin's Food. The recovery of lost weight was as rapid as on a general mixed diet. ( Charts 18 and 19 ). This remarkable improvement result¬ ing from the addition of only 5 per cent, of casein to Mellin's Food suggests that the proteins of the latter are in some sense inadequate to supply all the nitrogen requirements of the body, for in amount these proteins are equal to those in the satisfactory Nestlè's Food (11 per cent, in each; see columns marked 1 under each food in the table). Even Modification IV, however, allowed only repair. When the original weight was reached, there was no further gain.
Since the above was written, the modification of Mellin's Food last described was fed to three young mice for five weeks. They maintained their weight, but almost no growth occurred.
Eskay's Food: 18 Per Cent. Protein Modification.-Eskay's Albuminized Food contains comparatively so little protein and salts that to make a ration com¬ parable with the corresponding modifications of the other foods, it was neces¬ sary to use only 67 per cent, of the food and to add 33 per cent, of milk con- Chart 20.-Mouse 50 $, showing maintenance for sixty-eight days on the 18 per cent, protein modification of Mellin's Food. There is a possibility that this animal ate some of the young born in the cage on the seventy-sixth day. If so the effect was greater and more lasting than that from 1 cc milk daily for four days. (See Chart 19). stituents ( purified casein and protein-free milk ). Even then two of the three animals to which the mixture was given lost weight rapidly and died within twelve and fourteen days, respectively. The third mouse, after an equally rapid decline for twelve days, rallied and during the following sixty-five days slowly regained the lost weight. No further gain took place, however; there was only repair; no real growth. (Charts 4, 5 and 6.) Here again the difficulty is not due to the gross composition of the food, which in this respect closely resembles the most successful mixtures. According to Boyden, 41 per cent, of the carbo¬ hydrates of Eskay's Food are in the form of raw starch. Are the animals unable to deal with this and is the one recovery due to an acquired or increased diastatic power that came with continued eating of the food? It was not a question of the age of the animal for Mouse 7, an adult mouse, showed no more ability to assimilate the food than did Mouse 113, an immature animal. Four of the five cases of diarrhea noticed among the forty-two experimental animals occurred in mice living on Eskay's Food mixtures. As among babies, this condition is often an indication of an excess of carbohydrate in the diet, so here it may indi¬ cate unassimilahle carbohydrate. Experiments are in progress which it is hoped Chart 24.-Mouse 90 $, showing growth for thirty-four days on the 30 per cent, protein modification of Mellin's Food and maintenance for forty-seven sub¬ sequent days during which the controls were growing steadily. will settle this point. So far, it has not proved possible to keep mice in health on this modification of Eskay's Food even when the food has been boiled as directed by the manufacturer ( but without milk ).
Series Per Cent. Protein Modifications As is indicated in Column 3 under each food in the table, so much casein and protein-free milk had to be added in order to bring the protein and salt con¬ tent of the foods up to 30 per cent, and 6 per cent., respectively, that only 25 per cent, or less of the original foods could be used, and from 62 to 70 per cent, of the powder as fed consisted of milk constituents. It is not surprising that there was more uniformity in the results of this series of feeding trials than in the preceding ones. In this modification, all four of the foods allowed normal or nearly normal growth for a time, but mice on Mellin's or Eskay's Foods, after three to four weeks of more or less steady gain, generally ceased to grow and in some cases even lost weight. (Charts 7, 9, 22 and 24.) Mice fed the corresponding Nestlè's Mixture grew as rapidly as the controls on a mixed diet. (Charts 19 and 30.) Owing to an accident, the Horlick's 30 per cent, protein mixture could be fed only three weeks, during which time steady growth occurred at a greater rate of gain than that of the controls, hut the time was too short to allow safe drawing of conclusions. (Chart 17.)
DISCUSSION OF EESTJLTS
As criteria for judging a restricted ration, (1) the maintenance of constant body-weight in adult animals for a considerable fraction of their natural life span, (2) the production of normal young, (3) the growth of the young to sexual maturity and maximal weight for the species, and finally (4) the production of a third generation, would Chart 29.-Mouse 79 $, showing growth on the 30 per cent, protein modifica¬ tion of Nestlè's Food. seem sufficient to prove the ration under investigation a complete food, for the species in question at least. One of the foods containing milk has fulfilled all these conditions; the other (Nestlè's food) the first two and the third so far as a normal rate of growth is concerned; both foods with modifications that involve only quantitative changes in the food constituents. The foods made entirely from cereals (Mellin's and Eskay's foods) seem to be incapable of serving as complete foods for mice under the conditions of these experiments. The inadequacy may be due to (1) the character of the nutrients or (2) the absence of some essential accessory substance such as a vitamine or a growth hormone-provided that we have in our modifications eliminated differ¬ ences in the total energy value and in the relative proportion of nutrients in the ordinary sense of the word. The difference in energy value between the day's ration of Horlick's food and of Mellin's food is so very small corresponding to .04 of fat that it seems unlikely that it is significant; but the point is now being tested, in view of the fact that the unsuccessful mixtures were of somewhat lower energy value than the successful ones.
ACCESSOET FOOD SUBSTANCES
With these uncertainties it is impossible to settle the question of the presence or absence in the two less satisfactory foods of essential accessory substances, using this term to cover growth hormones, vitamines, etc. Such accessory substances may have been partially respon¬ sible for the improved rate of growth that occurred when large quantities of casein and protein-free milk were added to the foods, as in the 30 per cent, protein modifications; but the giving of small quantities of fresh milk as suggested by Hopkins resulted in most cases in no decisive change in the rate of gain or loss of body-weight in progress before this addition to the diet. (Charts 1, 8, 19 
SUMMARY
Four typical proprietary infant foods were fed to albino mice, both adult and young animals being used. To adapt it to use by mice each food was modified by the addition of purified casein or of the salts of milk (Osborne and Mendel's protein-free milk) or of both.
Two of the four foods seemed to be complete foods (Horlick's malted milk and Nestlè's food), allowing maintenance of constant body-weight, normal reproduction and growth more rapid than normal. With Hor¬ lick's malted milk a third generation was produced.
The other two foods studied, Mellin's food and Eskay's albuminized food, did not prove capable of serving as an exclusive ration. One modification of Mellin's food appeared to satisfy the nutritive require¬ ments for maintenance and for repair in two instances but not for growth.
